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(54) DIAMINES, POLYIMIDE PRECURSORS AND POLYIMIDES PRODUCED BY USING THE 
DIAMINES, AND LIQUID CRYSTAL ALIGNING AGENTS 

(57) A diamine compound represented by the formula (1 ): 

H 2 N— R 1 — NH 2 



X "lT^-[x 2 ~x 3 ] n 
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wherein R 1 is a trivalent organic group, each of X 1 and X 2 is a bivalent organic group, X 3 is an alkyl or fluoroalkyl group 
having from 1 to 22 carbon atoms, or a cyclic substituent selected from aromatic rings, aliphatic rings, heterocyclic 
rings and their substituted groups, and n is an integer of from 2 to 5. And, a polyimide precursor and a polyimide 
synthesized by using the diamine compound; and a treating agent for liquid crystal alignment containing the polyimide 
precursor and/or the polyimide. 



CL 
LU 



Printed by Jouve, 75001 PARIS (FR) 



EP1 359 181 A1 

Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a novel diamine compound, a polyimide precursor and a polyimide synthe- 
sized by using the compound as a part of the material, and a treating agent for liquid crystal alignment containing such 
a polymer. 

BACKGROUND ART 

10 

[0002] A polyimide has been widely used as a protective material or an insulating material in the electric or electronic 
field by virtue of its characteristics such as high mechanical strength, heat resistance and solvent resistance. Especially 
in an application to an alignment film to be used for a liquid crystal display device, it has been common to employ a 
polyimide because of the simplicity in film formation and the uniformity and durability of the coating film surface. 
is [0003] However, in recent years, developments in the electric and electronic fields have been remarkable, and higher 
properties have been correspondingly required for the material to be employed. Under these circumstances, also for 
a liquid crystal alignment film, it has been required to impart new properties which conventional polyimides do not have, 
in attempts for high densification and high performance of the displays. 

[0004] One of the properties required for a liquid crystal alignment film is an ability to provide a high pretilt angle. As 
20 a means to obtain a high pretilt angle required for a polyimide liquid crystal alignment film, JP-A-64-25126 and JP-A- 
5-27244 propose a treating agent for liquid crystal alignment comprising a polyimide precursor or a polyimide having 
a side chain, prepared by using, as a material, a diamine having a long chain alkyl group, etc. However, the diamine 
proposed in these references, has had a problem with respect to the low level in efficiency to increase the pretilt angle 
relative to the amount introduced, or in the reactivity. 
25 [0005] When properties other than the pretilt angle, are also to be imparted to the liquid crystal alignment film, the 
amount of the diamine introduced to increase the pretilt angle should better be small, as the degree of freedom in 
polymer design will thereby be broadened. However, if the amount the diamine introduced, is too small, it becomes 
impossible to secure the required pretilt angle. 

[0006] Further, in a case where a very high pretilt angle of from 20° to 90° is required, it is necessary to introduce a 
30 large amount of a diamine to increase the pretilt angle. Accordingly, if the reactivity of the diamine is low, it takes time 
for the polymerization of the polymer, or in some cases, polymerization may not substantially proceed. Taking time for 
the polymerization is industrially problematic, and if the polymerization degree of the polymer is inadequate, such will 
be a problem from the viewpoint of the durability as a liquid crystal alignment film. 

[0007] In view of the above problems, the present invention is to provide a novel diamine compound which is highly 
35 effective to increase the pretilt angle even in a small amount and excellent in the polymerization reactivity, a polyimide 
precursor or a polyimide synthesized by using such a diamine compound as a part of the material, and a treating agent 
for liquid crystal alignment containing such a polymer. 

DISCLOSURE OF THE INVENTION 

40 

[0008] As a result of an extensive study on the above-mentioned problems, the present inventors have found a 
diamine compound having a specific structure, a polyimide precursor or a polyimide synthesized by using such a 
diamine compound as a part of the material, and a treating agentfor liquid crystal alignment containing such a polymer. 
[0009] Namely, the present invention relates to a diamine compound represented by the formula (1): 

45 



50 




wherein R 1 is a trivalent organic group, each of X 1 and X 2 is a bivalent organic group, X 3 is an alkyl or fluoroalkyl group 
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having from 1 to 22 carbon atoms, or a cyclic substituent selected from aromatic rings, aliphatic rings, heterocyclic 
rings and their substituted groups, and n is an integer of from 2 to 5; a polyimide precursor and a polyimide synthesized 
by using such a diamine compound as a part of the material; and a treating agent for liquid crystal alignment containing 
such a polymer. 

5 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0010] Now, the present invention will be described in detail. 

[0011] In the formula (1), R 1 is not particularly limited so long as it is a trivalent organic group. However, from the 
10 viewpoint of the nucleophilic reactivity of amino groups, it is preferred that the amino groups are bonded to an aromatic 
ring, and for example, a structure represented by the following formula (2) may be mentioned: 



15 




wherein X 4 is selected from a single bond, an ether bond (-O-), an ester bond (-COO-), a reversed ester bond (-OCO-), 
an amido bond (-CONH-) and a reversed amido bond (-NHCO-), and the bonding position of X 4 may be any position 
of o-position, p-position or m-position to the amino group and to X 1 . 
25 [0012] Further, with a view to not lowering the density of side chain substituents when formed into a polymer, R 1 is 
particularly preferably a phenyl ring. 



30 




35 

[0013] In the formula (1), X 1 is not particularly limited so long as it is a bivalent organic group, and it is preferably an 
organic group selected from a single bond, -O-, -OCH 2 -, -0H 2 O-, -COOCH 2 - and -CH 2 OOC-, more preferably -O-, 
-OCH 2 -, -COOCH 2 - or -CH 2 OOC-, which is easy to synthesize. 

[0014] In the formula (1), X 2 is not particularly limited, so long as it is a bivalent organic group, and it is preferably a 
single bond or -O-, particularly preferably -O-. 

[0015] In the formula (1), X 3 is an alkyl orfluoroalkyl group having from 1 to 22 carbon atoms, or acyclic substituent 
selected from aromatic rings, aliphatic rings, heterocyclic rings and their substituted groups, but it is preferably an alkyl 
group having from 6 to 22 carbon atoms or a fluoroalkyl group having from 1 to 22 carbon atoms. 
[001 6] In the formula (1 ), the number n of side chain substituents introduced, is an integer of from 2 to 5, but preferably, 

45 the introduced number n is 2. 

[0017] As described in the foregoing, the diamine compound of the present invention is characterized in that at least 
two side chain substituents are introduced into the diamine structure so that the effect of the side chains would be 
substantial even when a small introduced amount, and the sites of the side chain substituents are distanced from the 
amino groups as shown in the formula (1) in order not to impair the polymerization reactivity. 

50 [0018] The diamine compound of the present invention is easy to synthesize and is useful as a material for a polyimide 
precursor and a polyimide, etc. Further, a polyimide precursor or polyimide synthesized by using it as a part of the 
material, is excellent in the effect to increase the pretilt angle, and thus, is useful for a treating agent for liquid crystal 
alignment. 

55 Synthesis of the diamine compound 

[0019] The diamine compound represented by the formula (1) of the present invention can be obtained by synthe- 
sizing the corresponding dinitro compound of the formula (3) and further reducing the nitro groups to convert them to 
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amino groups. 

0 2 N-R 1 — N0 2 



10 




*5 wherein X 1 , X 2 , X 3 and n are the same as those shown in the formula (1). 

[0020] The method for reducing the dinitro compound is not particularly limited, and it is usually carried out by e.g. 
hydrogen gas, hydrazine or hydrogen chloride in a solvent such as ethyl acetate, toluene, tetrahydrofuran, dioxane or 
an alcohol by using, as a catalyst, palladium-carbon, platinum oxide Raney Nickel, platinum black, rhodium-alumina, 
platinum sulfi de-carbon or the like. 

20 [0021] The dinitro compound of the formula (3) can be obtained by a method of bonding at least two substituents X 3 
via connecting portions X 2 to a phenyl ring and then bonding the dinitro portion thereto via a connecting portion X 1 . 
[0022] The connecting portion X 1 is a bonding group such as a single bond, an ether bond (-O-), an ether methylene 
bond (-OCH 2 -), a methylene ether bond (-CH 2 0-), an ester bond (-COO-), a reversed ester bond (-OCO-), an ester 
methylene bond (-COOCH 2 -), a methylene ester bond (-CH 2 COO-), an amindo bond (-CONH-) or a reversed amido 

25 bond (-NHCO-). Such a bonding group may be formed by a usual organic synthetic method. Specifically, in the case 
of the ether or ether methylene bond, it is common to employ a method wherein the corresponding dinitro group- 
containing halogen derivative is reacted with a hydroxyl group-substituted benzene derivative containing the connecting 
portions X 2 and the substituents X 3 in the presence of an alkali, or a method wherein the dinitro group-containing 
hydroxyl group derivative is reacted with a halogen-substituted benzene derivative containing the connecting portions 

30 x 2 and the substituents X 3 , in the presence of an alkali. 

[0023] In the case of the ester or ester methylene bond, it is common to employ a method wherein the corresponding 
dinitro group-containing acid chloride is reacted with a hydroxyl group-substituted benzene derivative containing the 
connecting portions X 2 and the substituents X 3 , in the presence of an alkali. 

[0024] In the case of the amido bond, it is common to employ a method wherein the corresponding dinitro group- 
35 containing acid chloride compound is reacted with an amino group-substituted benzene derivative containing the con- 
necting portions X 2 and the substituents X 3 , in the presence of an alkali. 

[0025] In the case of the single bond, various methods are available, but bonding may be optionally carried out by 
a common organic synthetic method such as a Grignard reaction, a Friedel-Crafts acylation method of an aromatic 
ring or a Kishner reduction method. 
40 [0026] The connecting portion X 1 can be selected from the above-mentioned bonding groups, but it is preferably an 
ether bond (-O-), an ether methylene bond (-OCH 2 -), an ester bond (-COO-), an ester methylene bond (-COOCH 2 -) 
or an amido bond (-CONH-), which can easily be synthesized. 

[0027] As the dinitro group-containing halogen derivative and the dinitro group-containing derivative, constituting the 
trivalent organic group R 1 , a 1 -halogen group-substituted dinitroalkylene compound, a 1 -hydroxyl group-substituted 

45 dinitroalkylene compound, 2,4-dinitro-1-naphthol, 3,5-dinitrochlorobenzene, 2,4-dinitrochIorobenzene, 2,4-dinitrofluor- 
obenzene, 3,5-dinitrobenzoic acid chloride, 3,5-dinitrobenzoic acid, 2,4-dinitrobenzoic acid chloride, 2,4-dinitrobenzoic 
acid, 3,5-dinitrobenzyl chloride, 2,4-dinitrobenzyl chloride, 3,5-dinitrobenzyl alcohol, 2,4-dinitrobenzyl alcohol, 2,4-din- 
itroaniline, 3,5-dinitroaniline, 2,6-dinitroaniline, 2,4-dinitrophenol, 2,5-dinitrophenol, 2,6-dinitrophenol and 2,4-dinitro- 
phenol acetic acid, may, for example, be mentioned. A combination of these compounds may suitably be selected 

50 depending upon the particular purpose in view of the reaction or the availability of the material. It should be mentioned 
that the compounds mentioned here are merely exemplary. 

[0028] The hydroxyl group-substituted benzene derivative containing the connecting portions X 2 and the substituents 
X 3 can be obtained by a usual organic synthetic method. Specifically, it is common to employ a method of reducing a 
methyl benzoate group by means of LiAIH 4 , or reacting a benzaldehyde group with formaldehyde in the presence of 
55 an alkali. 

[0029] The connecting portion X 2 is a single bond or an ether bond (-O-), preferably an ether bond (-O-) which can 

easily be synthesized. Such a bonding group can be formed by a usual organic synthetic method. 

Specifically, it is common to employ a method of reacting a hydroxyl group-substituted benzene derivative with a hal- 
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ogen derivative containing the corresponding substituent X 3 in the presence of an alkali, or a method of reacting a 
halogen-containing benzene derivative with an alcohol derivative containing the corresponding substituent X 3 in the 
presence of an alkali. Further, in the case of a single bond, various method are available, but bonding can suitably be 
carried out by means of a common organic synthetic method such as a Grignard reaction, a Friedel-Crafts acylation 

5 method of an aromatic ring or a Kishner reduction method. 

[0030] The substituent X 3 is an alkyl orfluoroalkyl group having from 1 to 22 carbon atoms, preferably an alkyl group 
having at least 6 carbon atoms or a fluoroalkyl group having at least one carbon atom, substantially an alkyl group 
having from 6 to 22 carbon atoms or a fluoroalkyl group having from 1 or 22 carbon atoms, from the viewpoint of 
efficiency in the synthesis. The larger the carbon number, the higher the effect to increase the water repellency of the 

10 polyimide precursor and the polyimide, and further, when it is used for an application to a liquid crystal alignment film, 
the effect to increase the pretilt angle will be higher. 

[0031] Further, depending upon the purpose, the substituent X 3 may be a cyclic substituent selected from aromatic 
rings, aliphatic rings, heterocyclic rings and their substituted groups. Specific examples include a benzene ring, a 
heterocyclic ring, a cyclohexane ring, a biphenyl ring, a terphenyl ring, a bicyclohexyl ring, a tercyclohexyl ring, a 

*s phenylcyclohexyl ring, a phenylpyridine ring, a cyclohexylpyridine ring, a phenyldioxane ring, a phenylpyrimidine ring, 
a cyclohexylpyrimidine ring, a phenylpyrazine ring, a cyclohexylpyrazine ring, and further one having these cyclic com- 
pounds bonded via a connecting portion such as ethylene, acetylene, an ester, oxymethylene, azo, azoxy or azome- 
thine. It is particularly preferred to employ a benzene ring, a cyclohexane ring, a biphenyl ring, a bicyclohexyl ring or 
a phenylcyclohexyl ring from the viewpoint of availability of the material or efficiency in the synthetic reaction. 

20 [0032] Further, it is common that these cyclic compounds are substituted by various termi nal groups . As such terminal 
groups, an alkyl group, an alkoxy group, a fluoroalkyl group, a fluoroalkoxy group, a halogen atom, a nitro group, an 
amino group, a cyano group, an azo group, a formyl group, an acetyl group and an acetoxy group are, for example, 
known. From the viewpoint of availability of the material, efficiency in the synthetic reaction and an ability to effectively 
provide a pretilt angle, particularly preferred is a substituted cyclic group which is substituted by a substituent selected 

25 from an alkyl group, an alkoxy group, a fluoroalkyl group and a fluoroalkoxy group. Such a substituted cyclic group 
may be suitably selected to increase the heat resistance, water repellency, etc. of the polyimide precursor and the 
polyimide. 

[0033] In the formula (1), n is an integer of from 2 to 5, and the number n of side chain substituentsto be introduced, 
may be suitably selected to improve the properties such as heat resistance, water repellency, etc. of the polyimide 
30 precursor and the polyimide. Preferred is introduction of side chain substituents so that X 2 which is easy to synthesize, 
is bonded to each of the two m-positions to X 1 . 

[0034] As one of preferred examples of the diamine compound represented by the formula (1 ), the following formula 
(4) is shown, and as one of more preferred examples, the formula (5) is shown. 



wherein X 5 is a bivalent organic group selected from a single bond, -O-, -OCH 2 -, -CH 2 0-, -COOCH 2 - and -CH 2 OOC-, 
X 6 is a bivalent organic group selected from a single bond and -0-, and X 3 is an alkyl or fluoroalkyl group having from 
1 to 22 carbon atoms, or a cyclic substituent selected from aromatic rings, aliphatic rings, heterocyclic rings and their 
substituted groups, and n is an integer of from 2 to 5. 



35 
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50 
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h 2 Ntt 




(5) 



wherein X 5 is a bivalent organic group selected from a single bond, -0-, -OCH 2 -, -CH 2 0-, -COOCH 2 - and -CH 2 OOC-, 
X 6 is a bivalent organic group selected from a single bond and -O-, and X 7 is an alkyl group having from 6 to 22 carbon 
atoms, or a fluoroalkyl group having from 1 to 22 carbon atoms. 

[0035] The diamine compound of the present invention represented by the formula (1) obtained by the method as 
described above, may be subjected to polycondensation with a tetracarboxylic acid or its derivative such as tetracar- 
boxylic acid, tetracarboxylic dihalide or tetracarboxylic dianhydride, to obtain a polyimide precursor or a polyimide 
having a specific structure in the side chains. 

Polyimide precursor and polyimide 

[0036] As mentioned above, the polyimide precursor and the polyimide of the present invention can be obtained by 
a polycondensation reaction of a diamine compound represented by the formula (1 ) with a tetracarboxylic acid or its 
derivative. 

[0037] The tetracarboxylic acid or its derivative to be used at that time is not particularly limited. Their specific ex- 
amples include aromatic tetracarboxylic acids such as pyromellitic acid, 2,3,6,7-naphthalene tetracarboxylic acid, 
1 ,2,5,6-naphthalene tetracarboxylic acid, 1 ,4,5,8-naphthalene tetracarboxylic acid, 2,3,6,7-anthracene tetracarboxylic 
acid, 1 ,2,5,6-anthracene tetracarboxylic acid, S.S'A^-biphenyl tetracarboxylic acid, 2,3,3\4-biphenyI tetracarboxylic 
acid, bis(3,4-dicarboxyphenyl)ether, 3, 3\4,4'-benzophenone tetracarboxylic acid, bis(3,4-dicarboxyphenyl)sulfone, bis 
(3,4-dicarboxyphenyl)methane, 2,2-bis(3,4-dicarboxyphenyl)propane, 1,1,1 ,3,3,3-hexafluoro-2,2-bis(3,4-dicarboxy- 
phenyl)propane, bis(3,4-dicarboxyphenyl)dimethylsilane, bis(3,4-dicarboxyphenyl)diphenylsilane, 2,3,4,5-pyridine tet- 
racarboxylic acid and 2,6-bis(3,4-dicarboxyphenyl)pyridine, and their dianhydrides and their dicarboxylic diacid halides; 
alicyclic tetracarboxylic acids such as 1 ,2,3,4-cyclobutane tetracarboxylic acid, 1 ,2,3,4-cyclopentane tetracarboxylic 
acid, 1 ,2,4,5-cyclohexane tetracarboxylic acid, 2,3,5-tricarboxy eye lope nty I acetic acid, 3,4-dicarboxy-1 ,2,3,4-tetrahy- 
dro-1 -naphthalene succinic acid, bicyclo [3,3,0]-octane-tetracarboxylic acid and 3,5,6-tricarboxynorbornane, and their 
dianhydrides and their dicarboxylic diacid halides; and aliphatic tetracarboxylic acids such as 1 ,2,3,4-butane tetracar- 
boxylic acid, and their dianhydrides and their dicarboxylic diacid halides. 

[0038] These tetracarboxylic acids and their derivatives may be used alone or in combination as a mixture of two or 
more of them. 

[0039] Further, a polyimide obtainable by using an alicyclic tetracarboxylic acid or an aliphatic tetracarboxylic acid, 
or a dianhydride or dicarboxylic diacid halide thereof as a part or whole of the entire tetracarboxylic acid or its. derivative, 
can be made to be a solvent-soluble polyimide. Particularly, polyimides obtainable by using 2,3,5-tricarboxy cyclopenty I 
acetic acid, 3,4-dicarboxy-1 ,2,3,4-tetrahydro-l -naphthalene succinic acid, bicyclo[3,3,0]-octane-tetracarboxylic acid, 
1,2,3,4-butane tetracarboxylic acid, and their dianhydrides and their dicarboxylic diacid halides, show good solubility 
in organic polar solvents such as N-methyl pyrrolidone, N,N-dimethyylacetoamide, N.N'-dimethylformamide and 
butyrolactone 

[0040] In an application to liquid crystal alignment film, alicyclic tetracarboxylic acids and their dianhydrides and their 
dicarboxylic diacid halides are preferred from the viewpoint of the transparency of the coating film. Particularly preferred 
are 1 ,2,3,4-cyclobutane tetracarboxylic dianhydride, 3,4-dicarboxy-1 ,2,3,4-tetrahydro-1 -naphthalene succinic dianhy- 
dride, bicycio[3,3,0]-octane-tetracarboxylic dianhydride, 3,5,6-tricarboxynorbornane-2:3,5:6 dianhydride, and 2,3,5-tri- 
carboxy cyclopentyl acetic dianhydride. 

[0041] For the polyimide precursor and the polyimide of the present invention, the diamine component may be a 

copolymer of the diamine compound represented by the formula (1 ) (hereinafter referred to simply as the diamine (1 )) 

with a common diamine other than that (hereinafter referred to simply as a common diamine). 

[0042] The common diamine to be used in such a case, is usually a primary diamine to be used for the synthesis of 

a polyimide and is not particularly limited. Its specific examples include aromatic diamines such as p-phenylenediamine, 

m-phenylenediamine^.S-diaminotoluene^.S-diaminotoluene^^'-diaminobiphenyl^.S'-dimethyM^'-diaminobiphe- 
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nyl, 3,3'-dimethoxy-4,4'-diaminobiphenyl, diaminodiphenyl methane, diaminodiphenyl ether, 2,2-diaminodiphenyl pro- 
pane, bis(3,5-diethyl-4-aminophenyl) methane, diaminodiphenyl sulfone, diaminobenzophenone, diaminonaphtha- 
lene, 1 ,4-bis(4-aminophenoxy)benzene, 1 ,4-bis(4-aminophenyl)benzene, 9,10-bis(4-aminophenyl)anthracene, 
1,3-bis(4-aminophenoxy)benzene, 4 t 4'-bis(4-aminophenoxy)diphenylsulfone, 2,2-bis[4-(4-aminophenoxy)phenyl]pro- 
pane, 2,2-bis[4-(4-aminophenoxy)phenyl]hexafluoropropane, alicyclic diamines such as bis(4-aminocyclohexyl)meth- 
ane and bis(4-amino-3-methylcyclohexyl)methane, and aliphatic diamines such as tetramethylenediamine and hex- 
amethylenediamine, as well as diaminocyloxane shown by: 



wherein m is an integer of from 1 to 10. Further, these diamines may be used alone or in combination as a mixture of 
two or more of them. 

[0043] By adjusting the proportion of the mols of the diamine (1) to the total mols of the diamines to be used, at the 
20 time of obtaining the polyimide precursor and the polyimide of the present invention, it is possible to modify the surface 
properties of these polymers such as water repellency, and further, in a case where they are used as liquid crystal 
alignment films, it is possible to improve the wettability with liquid crystal and further to increase the pretilt angle of 
liquid crystal. The proportion of the mols of the diamine (1) to the total mols of diamines to be used in such a case, is 
at least 1 mol%. 

25 [0044] Further, when they are used as liquid crystal alignment films, as the pretilt angle required in a usual liquid 
crystal display system (for example, a Twisted Nematic system, etc.), from about a few degrees to about ten degrees 
is used in many cases. Accordingly, the proportion of the mols of the diamine (1) to the total mol of diamines to be 
used is within a range of from 1 mol% to 49 mol%. Further, in the case of a vertical alignment system, the proportion 
of the mols of the diamine (1) is usually from 25 mol% to 100 mol%. 

30 [0045] Further, the diamine (1 ) of the present invention is highly effective to improve the tilt angle, and even in a case 
of a vertical alignment system, it is not necessary to use the diamine (1 ) in a proportion of 1 00 mol%, and by copoly- 
merizing a diamine having other properties, it is possible to impart additional properties. 

[0046] The polycondensation reaction of a tetracarboxylic acid or its derivative with the above diamine to obtain the 
polyimide precursor and the polyimide of the present invention, is not particularly limited, and a usual synthetic method 

35 for a polyimide can be employed. 

[0047] A method is common in which a tetracarboxylic dianhydride is used as a derivative of a tetracarboxylic acid, 
and it is reacted with a diamine in an organic polar solvent such as N-methylpyrrolidone or N,N'-dimethylacetoamide 
to obtain a polyamic acid as a polyimide precursor, followed by dehydration ring closure to obtain a polyimide. 
[0048] As the solvent for the reaction, in addition to the above, N,N-dimethylformanide or -y^butylo lactone may, for 

^o example, be used. Further, as the reaction temperature during the synthesis of the polyimide precursor, an optional 
temperature of from -20°C to 150°C may be selected, but preferred is within a range of from -5°C to 100°C. 
[0049] The ratio of the mols of the tetracarboxylic dianhydride to the mols of the diamine (the total mols of the diamine 
(1) and the common diamine) is preferably from 0.8 to 1 .2. Like a usual polycondensation reaction, as this molar ratio 
becomes close to 1 .0, the polymerization degree of the polymer to be formed, increases. 

45 [0050] If the polymerization degree is too small, the strength of the polyimide film tends to be inadequate, and if the 
polymerization degree is too large, the operation efficiency at the time of formation of a polyimide film is likely to de- 
teriorate. Accordingly, the polymerization degree of the product in this reaction is preferably adjusted to be from 1 0,000 
to 1 ,000,000 by the weight average molecular weight as measured by gel permeation chromatography. 
[0051] To convert the polyimide precursor to a polyimide, the dehydration ring closure may be carried out by heating 

50 the reaction solution of the polyimide precursor as it is at a temperature of from 1 00°C to 400°C, preferably from 1 20°C 
to 250°C, or by means of a catalyst such as pyridine/acetic anhydride. In such a case, it is of course preferred that the 
polyimide precursor is recovered and washed and then re-dissolved and converted to a polyimide. 

Treating agent for liquid crystal alignment 

55 ' ~ ^ ' 

[0052] When the polyimide is to be used as an insulating film or a protecting film for an electric or electronic device 
or as an alignment film for a liquid crystal display device, it is necessary to form a polyimide film having a uniform 
thickness on a substrate. 



10 
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CH 3 CH 3 
H 2 N-(CH 2 ) 3 -(SiO) m — Si 

CH3 CH3 



(CH 2 ) 3 — NH 2 
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[0053] Usually, to form such a polyimide coating film, a method is employed wherein a polyimide precursor solution 
is coated on a substrate and heated on a substrate for imidation to form a polyimide coating film, or in a case where 
the polyimide is soluble in a solvent, a solution of the polyimide having the polyimide precursor preliminarily imidated, 
is coated on a substrate, followed by drying to form a polyimide coating film. 
5 [0054] As the temperature for heating on the substrate for imidation, an optional temperature from 1 00°C to 400°C 
may be employed, but particularly preferred is within a range of from 1 50°C to 350°C. In the case of coating and drying 
the polyimide solution, it is sufficient if the solvent evaporates and is usually sufficient at a temperature of from 80°C 
to150°C. 

[0055] Coating on a substrate can be carried out by a printer for e.g. screen printing, offset printing or inkjet printing, 
as well as by a dip coater, a roll coater or a spinner. 

[0056] With respect to the polyimide precursor solution and the polyimide solution to be used for coating, the reaction 
solution may be used as it is or after dilution to a proper concentration, or it may be precipitated in a poor solvent such 
as water, methanol or ethanol, isolated and washed and then re-dissolved in a solvent for use. 
[0057] The solvent to be used for dilution or redissolution is not particularly limited so long as it is capable of dissolving 
f5 the polyimide precursor or the polyimide. For example, 2-pyrrolidone, N-methylpyrrolidone, N-ethylpyrrolidone, N,N- 
dimethylacetoamide, N,N-dimethylformamide or ^butylolactone may be mentioned. These solvents may be used alone 
or in combination as a mixture. 

[0058] Further, even a solvent which is incapable of providing a uniform solution of the polyimide precursor or the 
polyimide by itself, may be added to the coating solution within a range where a uniform solution can be obtained. As 
20 such an example, ethyl cellosolve, butyl cellosolve, ethyl carbitol, butyl carbitol, ethyl carbitol acetate or ethylene glycol 
may be mentioned. These solvents may be used alone or in combination as a mixture. 

[0059] It is also preferred to add to the coating solution e.g. a coupling agent for the purpose of improving the adhesion 
of the polyimide film to the substrate, or a dielectric or electroconductive substance for the purpose of changing electrical 
properties such as the dielectric constant and electroconductivity of the polyimide film. 

25 [0060] The treating agent for liquid crystal alignment of the present invention may be one containing only the polyimide 
precursor or the polyimide of the present invention as the resin component, or another resin component may be mixed 
thereto for use. It may, of course, be a mixture of the polyimide precursor and the polyimide of the present invention. 
To mix the resin components, it is convenient to prepare a mixed solution at the time of preparing the coating solution. 
[0061] The treating agent for liquid crystal alignment of the present invention is a coating solution containing the 

30 polyimide precursor and/or the polyimide of the present invention, prepared as described above. As a method for its 
use, a coating film is formed on a substrate by the above-mentioned method and then subjected to treatment for 
alignment by rubbing or light irradiation, or without treatment for alignment, it may be used as a liquid crystal alignment 
film. 

[0062] In the case of a liquid crystal alignment film, the film thickness is usually from 0.01 ujti to 1 .0 urn. Further, it 
35 is common to employ a printing machine for the coating of the treating agent for alignment, since the dimensional 
precision of the coating film and the uniformity of the surface become particularly important. 

[0063] Now, the present invention will be described in further detail with reference to Examples, but the present 
invention is by no means restricted thereto. 
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EXAMPLE 1 

Synthesis of diamine {5} 
5 [0064] 




25 [0065] Into a 3,000 ml eggplant type flask, 3,5-dihydroxy benzoic acid (1 20.76 g), concentrated sulfuric acid (6.8 ml) 
and methanol (1360 ml) were added, and refluxed and stirred for 24 hours. After completion of the reaction, the reaction 
solution was distilled off under reduced pressure. The residue was washed with water to obtain colorless crystals {1} 
(71 .78 g, 55%, mp: 181-182°C). 

1 H-NMR(d-DMSO, 5 ppm) : 9.58 (2H, S), 6.75 (2H, S), 6.37 (1H, S), 3.73 (3H, S). 

30 [0066] Into a 500 ml three necked flask, {1} (20.03 g), 1-bromododecane (65.21 g), potassium carbonate (36.20 g) 
and DMF (400 ml) were added, followed by stirring at 1 00°C for 24 hours. After completion of the reaction, the reaction 
solution was filtered while it was hot. The filtrate was left to stand at room temperature, and precipitated solid was 
collected by filtration to obtain colorless crystals {2} (57.1 6 g, 95%, mp: 84-86°C). 

1 H-NMR(CDCI 3 , 8 ppm) : 7.16 (2H, S), 6.63 (1 H, S), 3.96(4H,t), 3.98(3H,S), 1 .77 (4H,m), 1 .45(4H,m), 1 .27(32H, 

35 broad), 0.88(6H,t). 

[0067] In a nitrogen atmosphere, into a 1 ,000 ml four necked flask, LiAIH 4 (6.04 g) and THF (300 ml) were added to 
prepare a suspension of LiAIH 4 . A TH F solution (300 ml) of {2} (40.00 g) was dropwise added thereinto. After completion 
of the dropwise addition, refluxing and stirring were carried out for 20 hours. After completion of the reaction, water 
was dropwise added to the reaction solution under cooling with ice, and then, 1N-HCI was added. The oily product 
40 was distilled off under reduced pressure, and the obtained solid was recrystallized from acetonitrile to obtain colorless 
crystals {3} (32.46 g, 86%, mp: 53-54°C). 

1 H-NMR(d-DMSO, 5 ppm) : 6.44(2H,S), 6.29(1 H, S), 5.13 (1H,S), 4.40 (2H,d), 3.90 (4H,t), 1.67 (4H,m), 1.38(4H, 
m), 1.24 (32H,broad), 0.85(6H,t). 

[0068] Into a 500 ml four necked flask, {3} (30.07 g), triethylamine (6.70 g) and THF (150 ml) were added. Then, a 
45 THF solution (100 ml) of 3,5-dinitrobenzoyl chloride (15.29 g) was dropwise added thereto. After completion of the 
dropwise addition, refluxing and stirring were carried out for 3 hours. The reaction solution was distilled off under 
reduced pressure and extracted by means of a chloroform, a 1N-NaOH solution and water. The organic layer was 
distilled off under reduced pressure to obtain slightly yellow crystals {4} (19.45 g, 47%, mp: 61-65°C). 

1 H-NMR(d-DMSO, 5 ppm) : 9.24 (1 H,S), 9.18 (2H,S), 6.57(2H,S), 6.46 (1 H.S), 5.38 (2H.S), 3.95(4H,t), 1 .77 (4H, 
50 m), 1 .45 (4H,m), 1 .26(32H,broad), 0.88(6H,t). 

[0069] Into a 1 ,000 ml four necked flask, {4} (35.03 g) and 1 ,4-dioxane (400 ml) were added, and the reactor was 
flushed with nitrogen, and then Pt0 2 (0.61 g) was added. Thereafter, the interior of the reactor was adjusted to be a 
hydrogen atmosphere, and stirring was carried out at 50°C for 12 hours and at room temperature for 26 hours. After 
completion of the reaction, Pt0 2 was removed by filtration, and the filtrate was distilled off under reduced pressure. 
55 The residue was recrystallized from n-hexane to obtain slightly yellow crystals {5} (9.89 g, 31%, mp: 55-56°C) . 

1 H-NMR(d-DMSO, 5ppm) : 6.81 (2H.S), 6.41 (1 H, S), 6.1 8(1 H,s), 5.21 (2H,s), 3.93(4H,t), 1 .76(4H,m), 1 .42(4H,m), 
1.26(32H,broad), 0.88(6H,t). 



9 



EP 1 359 181 A1 



EXAMPLE 2 
Synthesis of diamine {7} 
5 [0070] 



10 



15 



20 




[0071] Into a 500 ml four necked flask, {3} (34.00 g), 2,4-dinitrochlorobenzene (14.51 ml), potassium carbonate 
(1 4.80 g), 1 8-crown ether (7.54 g) and THF (350 ml) were added, and refluxed and stirred for 25 hours. After completion 
of the reaction, the reaction solution was filtered, and the filtrate was distilled off under reduced pressure. Then, metri- 
cs anol was added to the residue, and precipitated solid was collected by filtration and recrystallized from n-hexane to 
obtain slightly brown crystals {6} (14.02 g, 31%, 56-58°C). 

1 H-NMR(CDCI 3 , 8 ppm) : 8.76 (1 H,s), 8.37 (1 H,d) 7.21 (1 H, d), 6.55(2H,s), 6.41 (1 H,s 5.29 (2H, S), 3.93 (4H, t), 
1.76(4H,m), 1.44 (4H,m), 1.26 (32H, broad), 0.88 (6H, t). 

[0072] Into a 500 ml four necked flask, {6} (12.01 g) and 1 ,4-dioxane (250 ml) were added. The reactor was flushed 
30 with nitrogen, and then, Pt0 2 (0.73 g) was added. Then, the interior of the reactor was changed to a hydrogen atmos- 
phere, followed by stirring at 45° C for 21 hours and at room temperature for 264 hours. After completion of the reaction, 
Pt0 2 was removed by filtration, and the filtrate was distilled off under reduced pressure. The residue was purified by 
silica gel column chromatography (ethyl acetate/n-hexane=6/4) and recrystallized from n-hexane, to obtain slightly 
yellow crystals {7} (2.51 g, 20%, mp: 52-53°C). 
35 1 H-NMR(CDCi 3 , 5ppm): 6.65(1 H,d), 6.55(2H,s), 6.39(1 H,s), 6.13(1 H,s) 6.03(1 H,d), 4.89(2H,S), 3.92(4H,t), 3.76 

(2H,broad), 3.34(2H,broad), 1.75(4H,m), 1 .41 (4H,m), 1 .24(32H, broad), 0.88(6H,t). 

EXAMPLE 3 

40 Production of polyimide 

PREPARATION EXAMPLE 1 

[0073] Using the diamine {5} (1 .48 g, 2.50 mmol) obtained in Example 1 , 2,2 , -bis[4-(4-aminophenoxy)phenyl]propane 
45 (1.03 g, 2.50 mmol), 1 ,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone 
(19.52 g), stirring was carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide 
precursor solution A having a solid content concentration of 15 wt%. The viscosity of this solution was 1,152 MPa-s 
(25°C; by E model viscometer), and the weight average molecular weight as measured by GPC (Gel Permeation 
Chromatography) was 165,000. 

50 

PREPARATION EXAMPLE 2 

[0074] Using the diamine {5} (0.74 g, 1 .25 mmol) obtained in Example 1 , 2,2'-bis[4-(4-aminophenoxy)phenyl]propane 
(1.54 g, 3.75 mmol), 1 ,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone 
55 (1 8.21 g), stirring was carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide 
precursor solution B having a solid content concentration of 15 wt%. The viscosity of this solution was 1,293 MPa-s 
(25°C; by E model viscometer), and the weight average molecular weight as measured by GPC was 97, 600. 
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PREPARATION EXAMPLE 3 

[0075] Using the diamine {5} (0.45 g, 0.75 mmol) obtained in Example 1 , 2,2'-bis[4-(4-aminophenoxy)phenyl]propane 
(1.74 g, 4.25 mmol), 1 ,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone 
5 (17.69 g), stirring was carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide 
precursor solution C having a solid content concentration of 15 wt%. The viscosity of this solution was 5,184 MPa-s 
(25°C; by E model viscometer), and the weight average molecular weight as measured by GPC was 413,000. 

PREPARATION EXAMPLE 4 

10 

[0076] Using the diamine {5} (0.1 5 g, 0.25 mmol) obtained in Example 1 , 2,2'-bis[4-(4-aminophenoxy)phenyl] propane 
(1.95 g, 4.75 mmol), 1 ,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone 
(17.17 g), stirring was carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide 
precursor solution D having a solid content concentration of 1 6 wt%. The viscosity of this solution was 9,600 MPa-s 
15 (25°C; by E model viscometer), and the weight average molecular weight as measured by GPC was 624, 000. 

PREPARATION EXAMPLE 5 

[0077] Using the diamine {7} (1 .46 g, 2.50 mmol) obtained in Example 2, 2,2'-bis[4-(4-aminophenoxy)phenyl]propane 
20 (1.03 g, 2.50 mmol), 1 ,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone 
(19.35 g), stirring was carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide 
precursor solution E having a solid content concentration of 15 wt%. The viscosity of this solution was 172 MPa-s 
(25°C; by E model viscometer), and the weight average molecular weight as measured by GPC was 41 ,200. 

25 PREPARATION EXAMPLE 6 

[0078] Using the diamine {7} (0.73 g, 1 .25 mmol) obtained in Example 2, 2,2'-bis[4-(4-aminophenoxy)phenyl]propane 
(1.54 g, 3.75 mmol), 1 ,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone 
(18.13 g), stirring was carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide 
30 precursor solution F having a solid content concentration of 15 wt%. The viscosity of this solution was 344 MPa-s 
(25°C; by E model viscometer), and the weight average molecular weight as measured by GPC was 78,900. 

EXAMPLES 4 to 9 

35 Production of treating agents for liquid crystal alignment 

[0079] The polyimide precursor solutions (A to F) obtained in Example 3 (Preparation Examples 1 to 6) were diluted 
with N-methylpyrrolidone (NMP) or y-butylolactone (y-BL) to prepare treating agents for liquid crystal alignment. The 
results are shown in Table 1 . 

40 

EXAMPLES 10 to 15 

Production of liquid crystal alignment films 

45 [0080] The treating agents for liquid crystal alignment obtained in Examples 4 to 9 were spin-coated on glass sub- 
strates and thermally treated at 180°C or 250°C to form polyimide coating films. And, the water repellency of the 
polyimide surface, and the uniformity in alignment and the pretilt angle of liquid crystal when formed into a liquid crystal 
alignment film, were measured by the following methods. The treating agents for liquid crystal alignment obtained in 
Examples 4 to 9 were spin-coated on glass substrates having transparent electrodes and thermally treated at 80°C 

50 for 1 0 minutes and at 1 80°C or 250°C for one hour to form uniform polyimide coating films. The contact angles of water 
and methylene iodide on such a coating film were measured, and the surface energy was calculated by the following 
formula. 

55 0+cos G ) X Yl =2 ( Ys d X y L p) 1 * + 2 (YS d Xy L P ) 1/2 

d p 
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d p 

Y S = Ys +Y S 

6: The contact angle of the liquid on the coating film 
5 yl : The surface tension of the liquid 

fL d : Dispersion term of the surface tension of the liquid 
7I_P: Polarity term of the surface tension of the liquid 
Y s : The surface tension of the coating film 
y s d : Dispersion term of the surface tension of the coating film 
10 Y S P: Polarity term of the surface tension of the coating film 

[0081 ] Here, by substituting the contact angle of water as , the contact angle of methylene iodide as 6 2 , the surface 
tension of water (yl=72.8, YL d=21 8 > Yl^ 51 °) (dyn/cm) and the surface tension of methylene iodide (y L =50.8, y L d =49.5, 
7 l p=1 .3) (dyn/cm), y s d Y s p were obtained from: 

(1+cos 6 1 )x72.8=2(Y s d x21.8) 1/2 +2(y s d x51.0) 1/2 



(1+cos9 2 ) x50.8=2(Y s d x49.5) 1/2 +2(Y s d x 1 .3) 1/2 

20 

and the surface energy of the polyimide coating film was calculated from Y s =Ys d+ Ys p - 

[0082] Further, the measurements of the uniformity in alignment and the pretilt angle of liquid crystal when formed 
into a liquid crystal alignment film, were carried out by the following methods. The measurement of the pretilt angle 
was carried out as follows. The polyimide precursor or the polyimide solution was diluted with N-methylpyrrolidone or 

25 Y" DU ty ,0, actone to obtain a solution having a resin concentration of from 3 to 1 0 wt%. This solution was spin-coated on 
a glass substrate having a transparent electrodes and thermally treated at 80°C for 10 minutes and at 180°C or 250°C 
for one hour to form a uniform polyimide coating film. This coating film was rubbed with a cloth, and then, a pair of 
such films were assembled with a spacer sandwiched therebetween so that the rubbing directions were in parallel, 
and liquid crystal (ZLI-2293, manufactured by Merck Company) was injected to prepare a cell having a homeotropic 

30 or homogenous alignment. With respect to this cell, after thermal treatment at 95°C for 5 minutes, the uniformity in 
alignment of liquid crystal was confirmed by a polarizing microscope, and with respect to one thermally treated at 1 20°C 
for one hour, the pretilt angle was measured by a crystal rotation method or a magnetic field capacity method. 
[0083] The results are shown in Tables 2 and 3. Further, for the purpose of comparison, the following diamine {8} 
was synthesized, a polyimide precursor was prepared, further a treating agent for alignment was produced, a liquid 

35 crystal alignment film was prepared, and evaluation was carried out. The results are also shown in Tables 1 , 2 and 3. 

COMPARATIVE EXAMPLE 1 
Production of polyimide 

40 

PREPARATION EXAMPLE 7 
[0084] 

45 



50 




25 



{8} 
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[0085] Using the diamine {8} (1 .08 g, 2.50 mmol), 2,2'-bis[4-(4-aminophenoxy)phenyl]propane (1 .03 g, 2.50 mmol), 
1,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone (17.31 g), stirring was 
carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide precursor solution G 
having a solid content concentration of 15 wt%. The viscosity of this solution was 128 MPa-s (25°C; by E model vis- 
5 cometer), and the weight average molecular weight as measured by GPC was 38,800. 

PREPARATION EXAMPLE 8 

[0086] Using the diamine {8} (0.54 g, 1 .25 mmol), 2,2'-bis [4-(4-aminophenoxy)phenyl]propane (1 .54 g, 3.75 mmol), 
10 1,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone (17.11 g), stirring was 
carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide precursor solution H 
having a solid content concentration of 15 wt%. The viscosity of this solution was 527 MPa-s (25°C; by E model vis- 
cometer), and the weight average molecular weight as measured by GPC was 76,800. 

15 PREPARATION EXAMPLE 9 

[0087] Using the diamine {8} (0.33 g, 0.75 mmol), 2,2'-bis[4-(4-aminophenoxy)phenyl]propane (1 .74 g, 4.25 mmol), 
1,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone (17.03 g), stirring was 
carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide precursor solution I 
20 having a solid content concentration of 15 wt%. The viscosity of this solution was 1,280 MPa-s (25°C; by E model 
viscometer), and the weight average molecular weight as measured by GPC was 129,000. 

PREPARATION EXAMPLE 10 

25 [0088] Using the diamine {8} (0.11 g, 0.25 mmol), 2,2 , -bis[4-(4-aminophenoxy)phenyl]propane (1 .95 g, 4.75 mmol), 
1,2,3,4-cyclobutane tetracarboxylic dianhydride (0.98 g, 5.00 mmol) and N-methylpyrrolidone (16.95 g), stirring was 
carried out at room temperature to carry out a polycondensation reaction to obtain a polyimide precursor solution J 
having a solid content concentration of 14 wt%. The viscosity of this solution was 28,160 MPa-s (25°C; by E model 
viscometer), and the weight average molecular weight as measured by GPC was 97,600. 

30 

COMPARATIVE EXAMPLES 2 to 5 

Production of treating agents for liquid crystal alignment 

35 [0089] Using the polyimide precursor solutions (G to J) obtained in Comparative Example 1 (Preparation Examples 
7 to 1 0), treating agents for liquid crystal alignment were produced by the same method as in Examples 4 to 9. 

COMPARATIVE EXAMPLES 6 to 9 

^o Production of liquid crystal alignment films 

[0090] Using the treating agents for liquid crystal alignment obtained in Comparative Examples 2 to 5, liquid crystal 
alignment films were produced by the same method as in Examples 1 0 to 15, and the water repellency on the polyimide 
surface and the uniformity in alignment and the pretilt angle of liquid crystal when formed into a liquid crystal alignment 
45 film, were measured. 

INDUSTRIAL APPLICABILITY 

[0091] The diamine compound of the present invention can easily be synthesized, and by using such a compound 
50 as a part of the material, it is possible to readily obtain a polyimide precursor and a polyimide having high molecular 
weights and to modify the surface properties of the polyimide, such as water repellency. Further, a liquid crystal align- 
ment film prepared by using such a treating agent for liquid crystal alignment containing such a polymer, has a high 
effect to increase the pretilt angle, whereby the desired pretilt angle can readily be obtained. 

55 
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Table 1 



Production of treating agents for liquid crystal alignment 


Polyimide precursor solution 


Solvent for dilution (NMP: y 


Treating agent for liquid crystal alignment 






-BL) 












Viscosity (m-Pa-S) 


Solid content concentration 










(wt%) 


Example 


4 


A 


8:2 


24.3 


4.10 


5 


B 


8:2 


24.9 


3.98 


6 


C 


8:2 


28.2 


2.80 


7 


D 


8:2 


17.3 


2.60 


8 


E 


8:2 


27.7 


5.67 


9 


F 


8:2 


35.6 


4.44 


Comparative Example 










2 


G 


8:2 


21.6 


7.03 


3 


H 


8:2 


18.3 


4.53 


4 


I 


8:2 


23.9 


3.90 


5 


J 


8:2 


22.7 


2.00 



25 

Table 2 





Results of evaluation of the water repellency of coating films 






Treating agent for 


Diamine (amount %) 


Contact angle of liquid (°) 


Surface energy (dyn/ 


30 




liquid crystal 








cm) 




alignment 


















Water 


Methylene iodide 








Example 










35 


Example 




10 


4 


{5} (50) 


97.7 


56.1 


30.8 










93.6 


52.7 


32.8 




11 


5 


{5} (25) 


93.3 


54.5 


31.8 


40 








91.8 


51.5 


33.5 


12 


6 


{5} (15) 


87.9 


51.7 


33.8 










90.7 


50.9 


33.9 




13 


7 


{5} (5) 


82.5 


46.6 


37.2 










82.3 


41.6 


39.5 


45 


14 


8 


{7} (50) 


97.9 


58.1 


31.7 










92.5 


51.8 


34.7 




15 


9 


{7} (25) 


95.9 


54.8 


33.6 










91.1 


53.5 


33.1 


50 




Comparative 














Example 












Comparative Example 




6 


2 


{8} (50) 


89.4 


51.8 


33.6 


55 








89.6 


49.6 


34.7 




7 


3 


{8} (25) 


81.9 


46.2 


37.5 










82.4 


42.7 


39.0 
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Table 2 (continued) 



Results of evaluation of the water repellency of coating films 




Treating agent for 


Diamine (amount %) 


Contact angle of liquid (°) 


Surface energy (dyn/ 




liquid crystal 








cm) 




alignment 












Comparative 












Example 










Comparative Example 


8 


4 


{8} (15) 


80.2 


42.3 


39.7 








73.8 


40.5 


42.1 


9 


5 


{8} (5) 


72.6 


30.3 


46.2 








64.4 


31.3 


48.7 


* The upper represents film formation by thermal treatment at 180°C for one hour, and the lower represents 


film formation by thermal treatment at 250°C for one hour. 







Table 3 





Results of evaluation of the pretilt angle 






Treating agent for liquid 


Diamine (amount %) 


Pretilt angle (°) 


Pretilt angle (°) 






crystal alignment 








25 










After treatment at 120°C 












for one hour 






Example 










Example 


30 


10 


4 


{5} (50) 


89.9 


89.9 










89.7 


89.1 




11 


5 


{5} (25) 


89.8 


89.8 










82.9 


81.9 


35 


12 


6 


{5} (15) 


81.6 


59.2 










62.9 


42.5 




13 


7 


{5} (5) 


4.2 


4.0 










6.3 


6.9 




14 


8 


{7} (50) 


89.5 


89.6 


40 








72.0 


56.0 




15 


9 


{7} (25) 


88.3 


81.6 










69.0 


65.8 






Comparative Example 








45 


Comparative Example 




6 


2 


(8} (50) 


89.4 


89.7 










88.6 


88.9 




7 


3 


{8} (25) 


69.4 


41.4 


50 








34.2 


12.5 




8 


4 


{8} (15) 


3.2 


3.3 










4.8 


5.9 




9 


5 


(8} (5) 


1.3 


1.5 


55 








3.6 


4.8 




*T 


he upper represents film formation by thermal treatment at 180°C for one hour, and the lower represents 




film formation by thermal treatment at 250°C for one hour. 








* In each cell, uniform alignment without any defect was observed. 
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Claims 

1. A diamine compound represented by the formula (1) : 

5 

H 2 N-R 1 — NH 2 



10 




*s wherein R 1 is a trivalent organic group, each of X 1 and X 2 is a bivalent organic group, X 3 is an alkyl or fluoroalkyl 

group having from 1 to 22 carbon atoms, or a cyclic substituent selected from aromatic rings, aliphatic rings, 
heterocyclic rings and their substituted groups, and n is an integer of from 2 to 5. 

2. A diaminobenzene derivative represented by the formula (4): 

20 



25 



30 




wherein X 4 is a bivalent organic group selected from a single bond, -O-, -OCH 2 -, -CH 2 0-, -COOCH 2 - and 
-CH 2 OOC-, X 5 is a bivalent organic group selected from a single bond and -O-, and X 6 is an alkyl or fluoroalkyl 
35 group having from 1 to 22 carbon atoms, or a cyclic substituent selected from aromatic rings, aliphatic rings, 

heterocyclic rings and their substituted groups, and n is an integer of from 2 to 5. 

3. A polyimide precursor and a polyimide synthesized by using the diamine compound represented by the formula 
(1) as defined in Claim 1 or a diaminobenzene derivative represented by the formula (4) as defined in Claim 2, as 

40 a part of the material. 

4. A treating agent for liquid crystal alignment containing the polyimide precursor and/or the polyimide as defined in 
Claim 3. 
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